and Sweden. They were compared from the point view of availability, de®nition, analytical methods, and mode of expression of the nutrients of interest for EPIC, and it was seen that most of the nutrients in the tables are analysed and expressed in a compatible way. For some nutrients, however, common methods and de®nitions (folate, dietary ®bre), or modes of expression (energy, protein, carbohydrates, carotenes, vitamin A and E) have not yet been agreed upon, so values are not comparable. For vitamin C a wide range of values are found due to the high natural variation in foods. For compiled tables, an additional problem is the use of several sources which may mean that the nutritional values are not comparable within the same table; and these values cannot be converted if the source is not stated. In addition, some tables were compiled using food composition values produced over 20 years ago with outdated analytical methods. In view of the inconsistent values for some nutrients and due to the large amount of foods reported within EPIC, it was concluded that standardised food composition tables have to be developed for the nine European countries involved in EPIC in order to provide comparable nutrient intake data.
Introduction
The assessment of dietary exposure is critical for the interpretation of the relationship between nutrition and health. Food intake may be measured with several dietary methods, which assess either recent diet (for example, 24 h recall, 7-d-diary), or long-term intake (for example, food frequency questionnaire). All dietary assessment methods have potential sources of errors which need to be identi®ed and controlled in order to obtain dietary intake estimates as close as possible to the true food intake (Bingham, 1987) . Once data have been collected on the foods consumed, these are in general aggregated to match the items available in food composition tables, which introduces additional imprecision in nutrient intake estimation. Further potential error lies in the tables which use different systems to name, group and describe foods, and different de®nitions and chemical analytical methods for nutrients, which do not always provide comparable nutrient values. Furthermore the nutrient values are not always expressed consistently, and little or no information is available on the sampling of foods and on the extent of variation of the analysed values (Slimani, 1993) . The sum of the above errors may result in an incorrect estimation of nutrient intake, especially at the individual level though possibly less at the group level. In studies on diet and health this measurement error may affect the observed relationship with disease risk, which may appear arti®cially strengthened or weakened.
In order to obtain comparable nutrient intake values, especially in an international, multi-centre study, it is important that all methods and tools be standardised between each participating centre. The standardization has to be done at every level of the study such as the data collection, aggregation and coding of foods, and when applying the tables. This is one of the aims of the European Prospective Investigation into Cancer and Nutrition (EPIC) with its 460 000 subjects from nine European countries (Denmark, France, Germany, Greece, UK, Italy, The Netherlands, Spain, Sweden). Standardised protocols have been developed to collect data on previous illness, current medication, several lifestyle factors, anthropometry, diet, and collection of blood samples. For the dietary assessment, study subjects are requested to complete a centre-speci®c dietary questionnaire on their usual eating pattern. Additionally, a representative subgroup is interviewed by trained interviewers using EPIC-SOFT, a software programme specially designed to collect standardised 24 h diet recalls of foods consumed during the preceding day (Riboli & Kaaks, 1997; Slimani et al, 1998) . Once simpli®ed, reported foods will ®rst be analysed at the food group level, comparing the quantities of foods consumed per food group. A second stage will consist in carrying out analyses at the nutrient level. Within EPIC, a large volume of nutritional data will soon be ready for analysis, and the question arises whether national tables can be used as such, or whether standardised EPIC tables need to be developed. This paper describes a detailed comparison Ð carried out at the International Agency for Research on Cancer (IARC) in 1997 Ð of the nutrients present in the tables available in the nine EPIC countries. It focuses on the de®nitions and analytical methods of nutrients after a short description of the tables. This should be of assistance to compilers of nutritional values and users of food composition tables who wish to have an overview of the availability and comparability of nutrient values in the European tables studied.
Materials and methods
The tables included in this comparison are those commonly used in the nine European countries participating in EPIC. Additional tables do exist but they are either inadequate because of limited coverage or have been replaced by more recent data. The information presented in this review is mostly taken from the introductory texts of the tables and from additional information provided by EPIC collaborators and by the local nutritionists in charge of compiling the tables.
We shall ®rst describe the individual tables in general terms (Table 1) and secondly the coverage of major nutrients (Table 2) . Thereafter, we shall present the results of the comparability and the reliability of nutritional values in terms of de®nitions and analytical methods. The comparison is focused on a selected number of nutrients of interest for the EPIC study with respect to a possible etiological relationship between cancer and nutrition. Additional tables describing the methods of analysis, de®nitions, modes of expression and units used to gather the information are not included in this article and can be obtained from the authors upon request. In Denmark, the national table contains 826 raw and cooked foods, of which most have been analysed. The sources of the data are well documented, so values can easily be traced.
In the UK, the complete National Nutritional Database is provided by the nine supplements on 3286 foods. The main table, GB 91, is in fact only an interim table prepared when the 4th edition was out of print. The majority of values are based on local chemical analysis or are calculated in a standardised way; some values have been carried on from the 4th edition using incompatible analytical methods; other values have been compiled from other sources, especially in two supplements (on ®sh and on herbs and spices). The British tables cover the widest range of cooking methods, including those using fat, such as frying. For the purpose of this review, the supplements are regarded as the national database, and GB 91 is used as the reference for the de®nitions and analytical methods.
In France, the main table (F 95) covers about 800 raw and cooked foods; it includes the main data of the three previously published supplements (fat, milk, and exotic fruits). When comparing the nutritional values, care must be taken: in the fat and milk supplements the values are expressed per kg of food, whereas all the other tables express them per 100g of food. These two supplements are under revision and should be released by the end of 1998.
In Greece, the of®cial printed table GK 92 is based on the 4th edition of the British table (1978) and includes only a selected number of nutrients from this table. GK 92 contains 764 foods and recipes; Greek recipes have been calculated using the British nutritional values. The national School of Public Health in Athens has developed a computerised food database based on GB 91 and on ®ve British supplements, it is extended and updated regularly.
In Italy, a well-documented compilation was published mid 1998 (IT 98) with about 800 raw foods. About 32% of the nutritional values are taken from the national table published in 1989 (IT 89) which contains 400 raw foods and about 3% from the national table revised in 1994 (IT 94). As IT 98 covers more nutrients and foods than IT 89, some values are derived from other sources (British, American and German data) which are identi®ed at the nutrient level.
In the Netherlands, the data on most of the 1476 raw and cooked foods have been analysed locally. The sources of data are coded at the nutrient level and are available on request. The complete computerised database is available to a very limited public; it contains varying numbers of nutrients depending on the food.
In Sweden, the printed and PC-version of the national In Spain, most tables are based on rather old data. Sources of data and de®nitions of nutrients are not well documented, which means that the data are neither really reliable nor comparable. In E 90, for example, nutritional values are copied as such from different sources and are not compatible within the table itself because they do not follow common criteria in terms of mode of expression or method of analysisamode of calculation. In 1997, a table (E 97) was published including 68 raw foods for which all nutrients were analysed locally, and de®nitions and methods of analysis are indicated. This is a ®rst attempt to produce up-todate and reliable Spanish data.
All tables are available as printed versions, except two databases (S 94 and D BLS) . A large number of tables are available on diskette and, generally speaking, these versions are more complete and up-to-date than the printed ones. The Spanish, most German tables (except D BLS) and IT 94 only exist on paper.
All tables are published in the national language and most have an English translation; a few also have a French one (D milk and D SFK) or indicate Latin names (British tables, D SFK, IT 94, DK 96, E carot and S 96). The LANGUAL description system (Pennington et al, 1991) is not yet extensively used: F 95 gives the description of each food according to this system, while DK 96 uses it to describe only certain foods.
Most Table 2 continued
Comparison of nutrients in nine European countries G Deharveng et al For commercial foods, some tables utilize information from the manufacturers, either given directly to the compiler or taken from labels. As information on de®nitions and methods of analysis is not always provided, it is dif®cult to make the nutritional values compatible with the values from other sources, whenever necessary, before they are included in the food composition table.
Results of the comparison of food composition tables for terminology, methods of analysis, availability and compatibility of nutrients Table 2 summarizes the coverage of the selected nutrients in the European tables studied. It shows that most tables state energy, water and all macronutrients (carbohydrates, protein, fat, alcohol, dietary ®bre), most vitamins and the important minerals such as sodium (Na), potassium (K), calcium (Ca), iron (Fe), magnesium (Mg) and phosphorus (P).
Water
The water content of foods is not included in some Spanish tables (Table 2) . Although water has no nutritional value, it is needed to identify and compare foods correctly. For example, when, for the same food, different tables state incomparable values for a given nutrient it is necessary to check whether the foods are in fact different, based on different water andaor fat contents, or whether the values as such are different because of natural variation. It is also useful to know the water content in order to estimate water loss due to cooking. Water content is calculated by drying. Several drying methods are in use, which give comparable results.
Macronutrients and energy
2.1 Protein Protein values are usually calculated based on the total-nitrogen (N) content of the food, which is measured by the Kjeldahl-type methods (HAOAC, 1980) . Total-N values are given in GB, NL 96 (PC-version) and in E 97. In fact, E 97 is the only table giving both total-and protein-N values for all foods without calculating protein values; however protein is accounted for in the energy value by multiplying protein-N values by 6.25 for all foods.
Calculation: Total-N values are multiplied by fooddependent conversion factors to obtain the protein content. The reference protein conversion factors given in Table 3 For foods that contain a signi®cant amount of non-protein-N (5 ± 10%), such as mushrooms, cartilaginous ®sh and molluscs, the British tables have applied protein conversion factors to protein-N values, rather than to total-N values. The German tables adjust for non-protein-N by multiplying the total-N of mushrooms by 4.17.
Compatibility: The use of the FAOaWHO conversion factors, or slight modi®cations of them, has only a minor impact on the ®nal values for protein and on the global protein intake. This means that protein contents are comparable between the European tables that have stated the protein conversion factors, except in the Dutch table where a bigger impact on protein content is expected, as simpli®ed factors are used (6.38 for milk products and 6.25 for all other foods). The Dutch protein values should therefore be higher for cereals, cereal products and nuts. 
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On the other hand, some German and Spanish tables do not mention the protein conversion factors used. Thus, for the latter tables, it is not possible to judge whether the protein values are exactly comparable with those of the other countries and they cannot be made comparable either.
Fat
All tables mention the total fat content of foods in g except D BLS which expresses it in mg.
De®nition: Although not mentioned in European tables, total fat is usually considered to be a mixture of triglycerides, phospholipids, sterols and related compounds.
Methods: The result of the lipid analysis depends largely on the extraction medium and the method used for hydrolysis. Speci®c analytical methods have been developed for some food groups.
The standard methods used in Europe are those of WernerSchmidt, Weibuhl-Stoldt described in Egan et al, 1981 and the AOAC (1980) , which are broadly similar; they are utilised by GB, Italy and E 97. They use acid hydrolysis and an extraction with mixed solvent (ether and petroleum spirit) and do not allow further FA analysis. These methods can be used for most food groups but dairy products require alkaline hydrolysis instead of acid hydrolysis.
The Folch-type methods (Folch et al, 1957 ) mentioned by NL 96 and Italy use extraction with chloroform and methanol. Compared to the standard methods they usually lead to higher but comparable values, and they directly provide the fat fraction for analysis of FAs.
Soxhlet-type methods which use extraction with ether give lower values for cereals, because of incomplete extraction, but give comparable values for meat (excluding liver) and many meat products (Kinsella et al, 1975) .
Compatibility: Almost half of the tables do not mention the method used for fat andaor FA analysis. However, total fat values provided by recent analyses should be comparable, as agreements on extraction and hydrolysis procedures have been reached in Europe in recent years. (Table 4) The carbohydrate values in the tables show possibly the most heterogeneity in nomenclature, de®nition, mode of expression and methods used, in addition to the level of detail with regard to the coverage of the different CHO fractions (Table 4) .
Carbohydrates (CHO)
In all tables, total CHO and ®bre are listed as separate nutrients and expressed in g, except in D BLS.
De®nitions:
(a) Total CHO: Many tables use the term`available carbohydrates' which is usually de®ned as the sum of the free sugars and complex carbohydrates (starch, dextrins and glycogen) (Cummings et al, 1997) . D BLS also includes sugar alcohols in the total CHO values. This leaves the data compatible with those of the other tables because sugar alcohols are very minor components of foods. The British tables use the term`carbohydrate' although the introductory text de®nes this as`available carbohydrate' which includes oligosaccharides. The German tables use`carbohydrate' in a similar way. (d) Lactose: This is a disaccharide present in milk and milk products (Passmore et al, 1986) . Values for lactose are available in g or mg in most tables, if relevant, except in the Spanish, Swedish, and Italian tables, and in D 79, D 93, GK 92 and F 95.
Modes of expression:
Two modes of expression are in use: as monosaccharides and in the anhydrous form. Values expressed as monosaccharides come straight from the analysis of the CHO. Values expressed in the anhydrous form are usually determined`by difference', which is the mode of expression chosen for labeling purposes in the European Community.
Carbohydrate weights Ð in the anhydrous form Ð may be converted to monosaccharide equivalents using conversion factors depending on the length of the carbohydrate chain. Carbohydrate values expressed as monosaccharides are 1.05 times higher for disaccharides and 1.10 times for starch (GB 91).
(a) Total CHO: Total CHO are expressed as monosaccharides in the British, French, Italian, Greek and all Spanish tables except E 88 and E 90. F 95 has chosen to express total CHO in both forms. The other tables express CHO in the anhydrous form.
(b) CHO fractions: The British, Greek and IT 98 tables express`sugars' and`starch' as monosaccharides. The other tables express them in the anhydrous form. The sum of`sugars' and`starch' values is therefore lower than the value for`total CHO, in monosaccharides' in F 95 and in IT 94 because of the difference in modes of expression.
Analytical methods:
(a) Total CHO: There are two methods of obtaining values for total CHO. Either they are obtained`by difference' [100 7 (fat protein ash water)] which accumulates errors of the analysis of the other food components; dietary ®bre is further deducted in Sweden, but never in Denmark and not systematically in the Netherlands. Or the preferred approach is to add up the sum of the analysed CHO fractions. This is the reference method in England, France, Italy, the Netherlands and Germany (Table 4) .
Most of the tables do not describe the methods used for carbohydrates. The method`by difference' is used systematically in the Scandinavian countries and, to a lesser extent, in the French, German and Dutch tables.
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Alcohol
Alcohol is included in all tables except in some Spanish tables (see Table 2 ). It is most frequently expressed in ga100g except in GB 91, D 93, GK 92, IT 94 and IT 98, where it is expressed in ga100 ml, and in S 96 where two modes of expression are used: % vol and ga100g. As the density of spirits and liqueurs is 0.95 and 1.10, respectively, the values need to be converted to a common mode of expression before they can be compared. Distillation is the standard method, although most tables do not mention the method used.
2.5 Energy Energy may be expressed in kcal or in kJ (1 kcal 4.18 kJ). Most tables state both units, except the Danish and S 94 tables which express energy only in kJ, and some Spanish tables only in kcal. The energy content of foods in the tables has not been measured, but calculated.
Calculation: Metabolisable energy may be obtained easily by adding up the relative energy contributions of CHO, fat, protein and alcohol, which are obtained by multiplying the respective weights of these nutrients by conversion factors. The traditionally applied conversion factors are the so-called` Atwater' factors, that is, 4, 9, 4, 7 kcalag, or 17, 37, 17, 29 kJag (Atwater, 1910) applied to protein, fat, total CHO and energy contents, respectively. Whenever carbohydrates are expressed in monosaccharides, the so-called`Southgate and Durnin' factor of 3.75 kcalag or 16 kJag is used, instead of 4 kcalag or 17 kJag (Southgate & Durnin, 1970 
Fatty acids (FA)
Terminology: Fatty acids are named after their Latin names, their chemical names or chemical formulas for speci®c isomers of fatty acids (for example, C18:1, n-9).
Modes of expression The usual mode of expression of FAs is in ga100 g food. In D BLS it is in mga100 g; in F milk and F fat in gakg food. In addition, the French supplements, DK 96 and the PC-version of NL 96 state them as a percentage of total FAs. The latter mode of expression is needed to correlate the percentage of FAs seen in blood with the pro®le of consumed foods.
Analytical methods: After extraction by Folch-type methods or the Bligh and Dyer (1959) method (using chloroform and methanol), FAs are converted to their methyl esters, separated by GLC and their amounts calculated from GLC peak areas. They are expressed as quantitative percentages of the total FA area. This percentage can then be converted into ga100 g food by applying FA conversion factors to the total amount of fat in the food. These conversion factors are sometimes stated in the tables (for example, GB 91, S 96) and are comparable between each other.
Compatibility: Almost all tables indicate the sums of saturated, monounsaturated and polyunsaturated FAs, whenever applicable. E 88 does not mention any of these, and D 79, D milk and D SFK do not cover all fractions.
The individual FAs are found for some foods only, often in appendices. The most frequently reported are the saturated FAs C12 : 0 to C18 : 0, the monounsaturated FAs C14 : 1 to C22 : 1, and the polyunsaturated FAs C18 : 2 to C22 : 6. The oleic acid C18 : 1 and docosenoic acid C22 : 1 are sometimes stated as such, or by their isomers (for example, C18:1, n-9 alone) with or without the indication of the location of the double bond. The most complete coverage seems to be present in the French fat and milk supplements, followed by some British tables, D SFK, and D BLS. The other tables give relatively low coverage, and it should be noted that in IT 94 more fractions are stated than in IT 98.
Although analytical methods for FAs are not always stated, they are comparable.
Cholesterol
For foods containing cholesterol, this nutrient is reported in all tables except E 88. The mode of expression is mg or g.
Analytical methods: Cholesterol is analysed using GC (E 97) and GLC (GB 91, Italy, and NL 96). The British tables also state that some values have been calculated but do not provide the algorithm nor indicate which values were calculated and which analysed.
In DK 96, cholesterol values are calculated as follows:
where a 2.65 for pork and beef; a 3.25 lamb None of the other tables state the analytical method or whether the values were calculated.
Compatibility: Cholesterol values, either obtained through analysis, or by calculation, may be used with reasonable con®dence.
Dietary ®bre
The study of the European tables illustrates the problems that have arisen in agreeing on a de®nition of`dietary ®bre' and translating this de®nition into an analytical method. As a consequence there are profound incompatibilities between the values in the different tables, which are virtually impossible to solve. Therefore`®bre' shows varying relations to colorectal cancer depending on the de®nitionamethod used (Kaaks & Riboli, 1995) .
Fibre is expressed in g, except in D BLS (mg), and reported, whenever relevant, in all tables except in E 88.
De®nitions:`Crude ®bre' is the sum of plant substances resistant to hydrolysis by acids and subsequently by alkali. It is not relevant to human nutrition and values are substantially lower than for dietary ®bre but it is still used in D 79 and partly in F fruit. It is measured by the Weende method (AOAC, 1984) .
The de®nitions adopted for`dietary ®bre' are determined by the methods used. Most tables de®ne it as`the indigestible components of the plant cell wall' (Trowell, 1972) . It can be divided into water-insoluble (cellulose, hemicellulose and lignins) and water-soluble (pectins, gums and mucilages). It is often described as unavailable CHOs plus lignin (which is not a CHO), whereas Trowell et al (1976) advocated de®ning it as the polysaccharides that are not digested by the endogenous secretions of the gastrointestinal tract. 1987; Anderson et al, 1988 , Mongeau & Brassard, 1989 , Schweizer & Wuersch, 1979 , Meuser et al, 1985 which give similar but not strictly identical results. They measure non-starch polysaccharides, lignin and resistant starch (Southgate, 1995) .
AOAC-type methods are used in DK 96, NL 96, E 97, F 95 and in the Italian, Swedish, German tables.
(b) Dietary ®bre, de®ned as non-starch polysaccharides (NSP), is measured by the Englyst-type methods (Englyst et al., 1982; . Lignin, waxes, cutins and resistant starch are excluded from this food fraction. The NSP de®nition is used in the British tables for all foods, and partially in F fruit, D SFK, and IT 98.
(c)`By difference': total dietary ®bre 100 7 (water protein fat ash available CHO). It includes resistant starch. This method is used only in D SFK for some foods.
(d) Dietary ®bre measured by Southgate-type methods is used in GK 92 (where values are expressed as monosaccharides); it is still mentioned in the recent UK tables and in IT 98 to some extent even though the method is no longer used nowadays. It is a colorimetric method measuring NSP, lignins and some starch as described by Southgate (1969) , Southgate et al (1978b) and Wenlock et al (1985) .
(e) Dietary ®bre fractions. The dietary ®bre fractions depend on the chemicalaanalytical method used. The AOAC method provides values for the soluble and insoluble fractions, and the NSP method for more detailed fractions (for example, cellulose). Other methods not mentioned above also give dietary ®bre fractions, which are used in D BLS (Green®eld & Southgate, 1992) .
The British tables, D BLS and D SFK state`dietary ®bre' and its fractions. In the English tables the sum of the fractions is not equal to the value indicated for`dietary ®bre' for the same food, as these fractions have been assayed in different samples. This is not the case in D BLS where`dietary ®bre' is calculated as the sum of the fractions.
Compatibility: E 88 does not give ®bre values and most Spanish tables do not state the method or de®nition used.
In compiled tables it may not always be possible to determine which method was used to measure the values unless a source code is given at the nutrient level. The use of several incompatible methods makes it extremely dif®-cult to compare ®bre intake between countries and even within a given country using the same . In foods where lignin levels are low and resistant starch has not been formed (fruits, vegetables, and low extraction cereal¯ours) the NSP and AOAC ®bre values should be similar. In high extraction cereal¯ours, most processed cereal products and potatoes, the AOAC values may be several ga100 g higher than the NSP values (Mongeau et al, 1989 ). (Table 5 ) Vitamin A activity derives from retinol and some carotenoids, of which b-carotene is the most active. In epidemiological studies, there is an increasing interest in the 600 or so identi®ed carotenoids because of their suspected cancer-preventing effects, which are independent of their vitamin A activity. The cancer protection is related to their capacity to trap singlet oxygen and free radicals. Carotenoids are also used increasingly as markers of dietary intake, especially of vitamins. It should be remembered, however, that carotenoid serum levels depend strongly on individual differences in terms of intestinal absorption and enzymatic transformation within the body (Riboli et al, 1987) . De®nitionsaModes of expression: Vitamin A, retinol and carotenoids are usually expressed in mga100 g. In F milk and F fat the unit is mgakg and in D 79, D milk, E 88, E 90 and the Swedish tables it is mg or UIa100 g.
Vitamins

Vitamin AaRetinolaCarotene
The following are the de®nitions given of total vitamin A, retinol and carotenes. Indices of the de®nitions are used in Table 5 .
(a) Total vitamin Aaretinol equivalents (RE): Total vitamin A activity is stated in retinol equivalents accounting for the different vitamin activities of retinol and carotenes (Table  5) 
Not mentioned
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Analytical methods: Nowadays, two methods are used to analyse retinol and carotenoids: colorimetry and HPLC (Green®eld & Southgate, 1992) . Hart & Scott (1995) have found that recent improvements in the HPLC technique lead to an increase in carotenoid recovery ranging from 60% to 90% in foods. Colorimetry can measure retinol and only total carotenoids, the detected fraction is then erroneously called`b-carotene'. In particular, values derived from the old method of Carr & Price, 1926 Values for single carotenoids are available either for bcarotene alone (F fat, F milk, D BLS, E 92, S 94 and S 96), or also for other carotenoids (E carot, D SFK, and as appendixes in GB veg and GB fruit). Care should be taken when comparing vitamin A values between tables. For dairy products, total vitamin A activity differs depending on the factors used to express it in retinol equivalents and, for foods rich in carotenes, total carotene values depend on the analytical method andaor the mode of expression. Moreover the handling of food samples before analysis is extremely important (Green®eld & Southgate, 1992) and the natural variation in b-carotene is very high (ENG 91).
Vitamin D (Calciferol)
In the tables, it is expressed in mg except in D 79 and E 90 (in mg). It is synthesised from cholesterol when UV rays from the sun are absorbed through the skin.
De®nition: Vitamin D occurs naturally in animal foods as cholecalciferol (vitamin D3), while ergocalciferol 
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(vitamin D2) is manufactured. Both are added as forti®ca-tion and have the same vitamin activity. Small amounts of 25-hydroxy-vitamin D, which has ®ve times more vitamin activity, are present in some animal foods (ENG 91). In the tables, the de®nition of vitamin D is generally not given. GB 91 and IT 98 de®ne vitamin D as the sum of vitamins D2 and D3; DK 96 and E 97 as vitamin D3. GB meat and GB ®sh are the only tables to state that vitamin D activity is the sum of the weight of cholecalciferol and ®ve times the weight of 25-hydroxy-vitamin D.
Analytical methods: Most tables do not state the method used. In recent years, HPLC has mainly been used to measure vitamin D as it allows the three fractions to be separated (in GB 91, F 95, NL 96 and E 97) . Older methods such as biological assay (GB 91) or colorimetry give unreliable data.
Compatibility: Vitamin D activity is given in all tables except GK 92, IT 94 and E 88. It would be helpful to assert the link between vitamin D values and the method used in order to determine the relative quality of these values and to use only recently analysed data for dietary analysis.
3.3 Vitamin E (Table 6 ) Vitamin E activity is the sum of the activities of tocopherols and tocotrienols. Each fraction has a different vitamin E activity and -tocopherol is the component with the highest vitamin E activity (Passmore & Eastwood, 1986) .
De®nitions: Alpha-tocopherol equivalents (-TE) are de®ned in slightly different terms among tables giving comparable values. All recent tables except DK 96 and NL 96 apply the ®rst de®nition. The de®nition is however not stated in all tables. Indices of the de®nitions are used in Table 6 . Analytical methods: The usual analytical method for vitamin E is HPLC. Only GB 91, GB cereal and GB milk state that colorimetry combined with gas chromatography (Christie et al, 1973) was used in addition to HPLC. Most tables do not state the method used.
Compatibility: The Spanish and some German tables express vitamin E in mga100 g without de®nition, and some French supplements in mgakg, whereas the usual mode of expression is in -TE mg. 
Thiamin (B1), Ribo¯avin (B2), Vitamin B6
Thiamin is reported in all tables and is expressed in mg except in D BLS and E 88 (mg). Thiamin is heat unstable and damaged in alkaline conditions (Green®eld & Southgate, 1992) .
Ribo¯avin is reported in all tables and is expressed in mg except in D BLS and E 88 (mg). It is also destroyed by heat, and by light (Green®eld & Southgate, 1992) .
Vitamin B6 is the sum of pyridoxal, pyridoxamine, their phosphates and pyridoxine, which all have the same activity (Green®eld & Southgate, 1992) . It is included in all tables except in IT 94 and E 88; it is expressed in mg except in D BLS (mg) and partially in D SFK (mgamg).
Analytical methods: Three methods are in use for vitamins B1 and B2 (microbiological, ¯uorimetry and HPLC) which give similar values. For vitamin B6, the major problem is not the method (HPLC and microbiological assay) but the extraction. However, few tables state the analytical methods used for these three vitamins.
Compatibility: Vitamins B1, B2 and B6 values are globally comparable between countries.
Vitamin B12 (Cyanocobalamin)
Vitamin B12 is present in small amounts in animal foods, especially in liver and egg yolk (Passmore & Eastwood, 1986) . It is expressed in mg and reported in all tables except the Greek and Italian tables and E 88. Microbiological assay is the only method in use for measuring vitamin B12, and the same bacterium is used in all assays in Europe, resulting in a very standardised method. The problem with vitamin B12 values arises from the potentially high measurement error, as the concentrations in foods are so low.
3.6 Folates a Folic acid (B9) Folate activity in foods derives from a number of compounds, which are reduced forms of pteroyl glutamic acid (folic acid). Most naturally occurring folates are conjugates with 2 or more g-glutamyl residues (often called bound forms or polyglutamates). Folates are water-soluble and readily oxidised, and are therefore labile (Green®eld & Southgate, 1992) . In order to be absorbed and metabolically active, the glutamyl residues must be deconjugated; the availability of folate varies between 25 ± 96% depending on the food (Passmore & Eastwood, 1986) .
De®nitions: There are considerable differences and lack of clarity in the terminology and the de®nitions used in the tables. Many tables use the term`folic acid' as a synonym for folates and de®ne it as the sum of the`free' and`bound' forms. D BLS applies the factor 0.20 to thè bound' forms to adjust for its lower bio-availability and gives total folate values in`free folic acid equivalent'. The amount of`bound' folate is calculated by difference between the amounts of`total' folic acid (measured after deconjugation) and of`free' folic acid (measured before deconjugation). Some tables (F fat, D BLS, E 90) give values for`free' folic acid.
Analytical methods: Microbiological assay is currently the standard method for measuring folate activity in foods (Phillips & Wright, 1983) . Several bacteria are in use, of which Lactobacillus caseii (rhamnosus) provides the most satisfactory values for total folate after deconjugation (GB, F 95, NL 96). The bacterium Streptococcus faecalis, used in the AOAC method, is only valid for measuring folic acid which is used for food forti®cation but which does not naturally occur in foods (Green®eld & Southgate, 1992) . Unfortunately, in most tables the bacteria used are not stated. Additionally, a problem of quality control seems to occur between laboratories, especially mentioned by Denmark, where two laboratories use the same microbiological assay but obtain dramatically different values. HPLC methods (for example, Shearer, 1986) provide the possibility to measure the different fractions but their performance in collaborative trials has so far been unsatisfactory. HPLC is used by E 97 and partially by D SFK where its use is indicated in footnotes.
The radio-immune assay used in Sweden, which derives from blood analysis, has not yet been validated for foods where different folate forms are present and the results are kit-dependent.
Compatibility: All tables state`total folate' except GK 92, IT 94 and E 88 and the printed version of NL 96 (Table 2) . It is expressed in mg except in D 79 (in mg). F fat, D BLS and E 90 also give values for`free folic acid'. According to Wright & Phillips (1985) , it is desirable to obtain values for`total folates', and the concept of measuring`free folates' before deconjugation is invalid. It seems that the analytical methods used at present are neither inter-compatible nor consistent, resulting in incomparable values. In DK 96, folate values are generally higher than those of other countries using the same microbiological method; values obtained by HPLC are in general higher than those from microbiological assays; in Sweden the method has not yet been validated, and the AOAC method sometimes used in compiled tables gives lower responses than the microbiological assay used in Europe. In all cases, the sensitivity of folate compounds to temperature, pH 3.7 Vitamin C Vitamin C is vested in L-ascorbic (AA) and L-dehydroascorbic acids (DHAA), both of which are highly unstable. AA is degraded into DHAA during cooking, and DHAA, which is even less stable, is then degraded to an inactive form. In general there is over 10 times more AA than DHAA in fresh foods, but DHAA levels may be increased by food processing to 25 ± 50% of AA (Vanderslice et al, 1990) .
De®nitions: Vitamin C activity is usually de®ned as the sum of AA and DHAA. Although only six tables state this de®nition, in four tables it can be derived from the analytical method used. The Swedish tables explicitly report solely AA. This means that the values of raw foods should be comparable, but that values for processed or cooked foods should be lower than those in the other tables.
Analytical methods: Three methods are in use to measure total vitamin C amounts (HPLC,¯uorimetry Ð preferable method Ð and colorimetry). Titrimetry measures only AA (Green®eld & Southgate, 1992) .
Compatibility: All tables state vitamin C activity and use different de®nitions andaor methods. All analytical methods currently used are broadly comparable. However, titrimetry should give somewhat lower values for processed foods (used partially in GB 91, GK 92 and IT 98). The vitamin C values have to be regarded with caution because the handling of food samples before analysis is extremely important due to its low stability. Vitamin C content decreases rapidly with storage time (Vanderslice et al, 1990) . The natural variation of vitamin C in foods is very high.
4 Minerals (Ca, Fe, K)
Calcium (Ca), iron (Fe) and potassium (K) are included in all tables apart from K in E 97. They are usually expressed in mg. In D milk, Ca and K values are given in g, in D SFK and D BLS Fe is in mg and in E 92 K is in g.
Analytical methods: All minerals are measured by atomic absorption spectrometry (Osborne & Voogt, 1978) ,¯ame spectrophotometry (Dvorak et al, 1971) , or emission spectrophotometry (Suddendorf & Cook, 1984) and controlled with standards. In Britain, colorimetry (Paul & Southgate, 1978) is also in use for iron, and titrimetry (Paul & Southgate, 1978) for calcium.
Compatibility: All methods give similar results. However, care has to be taken for iron values as the samples can easily be contaminated by dust resulting in a high variability.
Discussion
Comparability of values
Before comparing nutritional values, it is necessary to check that the food stated in the different tables is the same. It should refer to a similar edible part, water and fat contents. General knowledge about the foods consumed in the different countries is helpful, for example, some foods may have the same name in different countries but contain different ingredients. Concerning the comparability of values, it should be noted that the activities of the EUROFOODS-ENFANT programme, founded in 1982, resulted in more comparable modes of expression, analytical methods and de®nitions throughout European food composition tables. However values obtained by old analytical methods remain in newly published tables and usually cannot be identi®ed. Furthermore, the HPLC technique, used to analyse vitamin A and E components for example, has been improved considerably over the past 5 years or so, which means that HPLC values analysed before are incomparable.
In the tables studied, the nutrients can be separated into three groups. The ®rst set of nutrients groups those with comparable values, although the de®nition and analytical methods may be slightly different (nitrogen, lactose, alcohol, water, cholesterol, fat, FAs, retinol, vitamin D, tocopherols, tocotrienols, thiamin, ribo¯avin, vitamins B6 and B12, calcium, iron and potassium) . Work in progress on the American table means that it will soon indicate total fat contents as the sum of FAs and will no longer include phospholipids, sterols and related compounds. The inclusion of American fat values in European tables should therefore be avoided in future. The second set of nutrients concerns those which are not readily comparable due to the calculation or mode of expression but which may be easily converted to a comparable mode of expression (protein, carbohydrates, starch, sugars, energy, carotenes, vitamin A and vitamin E) . For example, in order to eliminate arti®cial differences in protein contents, the total-nitrogen values of the foods should be collected or calculated back using the protein conversion factors indicated in the tables before applying a set of conversion factors common for all countries, to the total-nitrogen contents of foods. And for energy values, the ®rst step should be to express the total CHO values in the same way and then to calculate the energy values choosing one set of energy conversion factors for all tables, for example, 16, 37, 17, 29 kJag (3.75, 9, 4, 7 kcalag) for CHO, fat, protein, and alcohol. An alternative approach for estimating vitamin E intake for most foods is to use the -tocopherol fraction alone as its marker. The third set of nutrients includes those which are not comparable between all the tables studied due to the methods or de®nition used (folate and ®bre). Use of the values for the last set of nutrients is not recommended at the moment unless the source of the value is documented and it meets the chosen criteria. For dietary ®bre, conversion is possible within a limited range of TDF values, which excludes extreme low and high values. Mongeau & Brassard (1989) Additional problems concern the comparability of values in compiled tables. Firstly, for one food, values might be copied from different sources which do not refer to the same food sample. Secondly, for a given nutrient, the values might be copied from several sources using incompatible methods, de®nitions andaor modes of expression. If they are copied without conversion or recalculation and without excluding incomparable values, the values become incomparable even within the same table. Conscientious compilers, however, should avoid these problems either by recalculating the nutritional values to meet common criteria, or by indicating the source of the values. A third problem is that, in several tables, old values produced with outdated analytical methods are included in recent versions without the source being indicated, and that compilers copy this`new' value into their database.
Natural variability
In some foods the natural variation of nutrients, for example, vitamin C and carotenes, may be higher than the variation due to the use of different de®nitions or methods. In the tables, no or almost no information is available on the sampling scheme. This makes it impossible to judge whether natural variation was accounted for when foods were selected for analysis and whether the sample represents the range of the local food available throughout the year.
Availability of nutrients and foods
In general, the northern and central European tables cover more nutrients and foods than the southern European tables. The most important macronutrients and minerals are well covered in all the food composition tables studied, but fractions of nutrients and vitamins are stated less extensively in the Southern European tables. The nutrients of interest for EPIC are not available in all tables (particularly in Spain and Greece), or only for raw foods (Italy). Additional problems arise in Spain and Greece where most values are old. In Spain the mode of compilation is doubtful, so it might be better to use more recent data from the other countries in addition to the newly analysed foods of E 97.
Conclusions and recommendations
The comparison of food composition tables shows that for some nutrients there are important differences in the de®nitions, methods of analysis and modes of expression between the tables studied. This applies to common foods, as well as less common foods. Thus, within a given country, local tables might be used, but they are not suitable as such for comparison of nutrient intake at an international level. Additionally, many foods reported within the EPIC study are not included in the European tables, so their nutritional values will have to be calculated. This is why standardised tables need to be developed for the nine European countries participating in EPIC.
In Europe, there is a further need to agree on common de®nitions, analytical methods andaor modes of expression for those nutrients for which comparable values are not yet available such as carbohydrates, ®bre, folate, carotenes and vitamins A and E.
While comparing de®nitions, methods and the resulting values, it becomes clear that more effort needs to be put into documenting the sources of data, the sampling, the methods and de®nitions, as well as the algorithms and recipes used to calculate missing values. In addition, it would be helpful if those values which have been calculated or copied were marked as such. The sources of values are best documented in the Dutch, Italian and Danish tables, while the British tables, which are often used as a source for other tables, give a short description of the food, but unfortunately do not document the source of data at the nutrient level.
To compile nutritional values in a standardised way, strict guidelines should be followed, and this is possible only if the tables are well documented. The values to be copied need to be checked to determined: ®rst, whether the foods are really similar, especially in terms of edible part, water and fat contents; second, whether the de®nitions and methods used are compatible; third, whether the values are expressed in the same mode or if they need to be converted. Finally, the values of protein and energy always need to be re-calculated. Comparison of nutrients in nine European countries G Deharveng et al
